Adoptive anti-trinitrophenyl (Tnp) responses were elicited from Tnp-hemocyanin (Tnp-KLH) (4, 5) . Some attempts at introducing spacers between the B and T cell reactive determinants of hapten-carrier conjugates have been reported (6, 7). Alkan et al. showed that the presence of 10 proline residues or one to three 6-amino caproic acid units between the two determinants still allowed effective cooperation in the anti-hapten immune response (6). Similar results were obtained with 4-hydroxy-3-iodo-5-nitrophenacetyl undecanoic acid as the spacer (7). These in vivo requirements have led to the suggestion that close approximation of B and T cells is needed for interaction either because the T cell directly affects and triggers the B cell, or because it produces labile mediators that only remain active over a short distance. An active role of T cells in this cooperation is clearly indicated by observations (8, 9) that passive attachment of antigen to T cells that are tolerant to the antigen is insufficient for elicitation of a B cell response. Similar conclusions have been drawn from the unidirectional allogeneic effect of T on B cells in vivo (10, 11) .
Cooperation between B and T cells in the immune response in vivo requires the presence on antigen molecules of determinants interacting with both B and T cells (1) . Although soluble factors released by T cells are capable of directly activating B cells in vitro (2, 3) , "bystander" effects are more difficult to demonstrate in vivo (4, 5) . Some attempts at introducing spacers between the B and T cell reactive determinants of hapten-carrier conjugates have been reported (6, 7) . Alkan et al. showed that the presence of 10 proline residues or one to three 6-amino caproic acid units between the two determinants still allowed effective cooperation in the anti-hapten immune response (6) . Similar results were obtained with 4-hydroxy-3-iodo-5-nitrophenacetyl undecanoic acid as the spacer (7) . These in vivo requirements have led to the suggestion that close approximation of B and T cells is needed for interaction either because the T cell directly affects and triggers the B cell, or because it produces labile mediators that only remain active over a short distance. An active role of T cells in this cooperation is clearly indicated by observations (8, 9 ) that passive attachment of antigen to T cells that are tolerant to the antigen is insufficient for elicitation of a B cell response. Similar conclusions have been drawn from the unidirectional allogeneic effect of T on B cells in vivo (10, 11) .
The present studies were initiated in order to determine whether or not antigen-antibody complexes, of which one component has the B cell reactive determinant and the other the T cell determinant, could be used to effect T-B cell cooperation in the absence of free antigen. (15) . Trinitrophenylated sheep erythrocytes (Tnp-SRBC) were prepared as described (13, 16) . The extent of coupling of Tnp to SIII, KLH, and Fab fragments was estimated from the molar extinction coefficient, 15,400 at 326 mm with 100,000 as the unit of molecular weight for SIII, KLH, and the Fab fragments. Preparation and measurements of the concentration of SIII were as described (13) . Rabbit antiserum to dinitrophenylated (Dnp) bovine gamma globulin was obtained 6 weeks after injection of 0.5 mg of Dnp-bovine gamma globulin in complete Freund's adjuvant into the hind footpads and contained 2.1 mg of anti-Dnp per ml. Normal rabbit serum and anti-Dnp antiserum were absorbed twice at 0°with agarose (100 mg/ml) and LAF1 thymus cells (2 X 107 cells per ml) to remove natural cytotoxic antibody against mouse cells (17) .
The Fab fragments of rabbit anti-KLH were prepared from an IgG fraction of anti-KLH serum and separated from the Fc fragments by the method of Porter (18) . Six Tnp groups per molecule of Fab were conjugated by the method of Little and Eisen (15) . A preliminary experiment, using 125I-labeled KLH (19) , was carried out to estimate the optimal ratio of Tnp-Fab (of anti-KLH) and KLH to be used Table 2 were performed with cells from Tnp-KLH-primed donors which had been incubated in vitro with Tnp-SIII (5 min at 0°). Such cells gave minimal response to the primary antigen, as was shown previously (13) and by data in the table, which indicate that cells "blocked" by Tnp-SIII gave only 10-15% of the maximal response upon challenge with Tnp-KLH and <5% in its absence. Neither incubation with rabbit anti-Dnp alone, nor addition of cells primed with rabbit gamma globulin alone induced responses in the Tnp-SIII blocked population. However, the combination of both of these components-still in the absence of Tnp-KLH-elicited a significant response, 29% in Exp. 4 It can also be concluded from these findings that the Tnp-SIII-treated cells failedd to respond to Tnp-KLH because their receptors were occupied by a substance that did not elicit T help (25, 26) . Similar findings suggesting the difficulty in differentiating between actual tolerance and simple receptor blockade were reported by others with compounds such as Dnp conjugated to a copolymer of D-glutamic acid and D-lysine (27) or to syngeneic 'y-globulin (28) .
The T-B cell cooperation induced by antigen-antibody complexes is reminiscent of that obtained with complexes of Dnp-poly(L-lysine) and methylated bovine serum albumin with which T help in the response to Dnp is obtained from cells sensitized to bovine serum albumin (29) . Similarly, T help in the response to pneumococcal polysaccharide has been elicited by use of sheep erythrocyte-polysaccharide complexes (30) . It seems clear, therefore, that the determinant that activates B cells does not have to be on the same molecule as the one that elicits T cell help; it suffices that they be on two closely complexed molecules in order to induce T-B cell interaction.
Since the rabbit anti-Dnp is presumably bound to the surface of the primed B cell through Tnp-SIII, the activation of the "blocked" cells by cells primed with rabbit gamma globulin suggests a direct effect of T on B cells such as is also indicated by the unidirectional nature of the direct B cell activation in the "allogeneic effect" (10, 11) . A mechanism of T-B cell cooperation that is mediated through the binding of "IgT-antigen" complexes on the macrophage surface (31) seems unlikely under these conditions, although an activation of the B cells via macrophages cannot be excluded. 
